The low temperature performance of silicon diffused junction detectors in the measurement of low energy x-rays is reported. The detectors have an area of 0.04cm2 and a thickness of 10pm. The spectral resolutions of these detectors were found to be in close agreement with expected values indicating that the defects introduced by the high temperature processing required in the device fabrication were not deleteriously affecting the detection of low energy x-rays. Device performance over a temperature range of 77 K to 150 K is given. These detectors were designed to detect low energy x-rays in the presence of miniumum ionizing electrons. The successful application of silicon diffused junction technology to x-ray detector fabrication may facilitate the development of other novel silicon x-ray detector designs.
Introduction
A proposal1 to determine the elemental surface composition of the four Galilean satellites of Jupiter (Galileo Mission) by examining the emitted flux of x-rays presents some novel instrumentation problems. Since the instrument package must pass relatively near the satellites (<3 radii) which are located in the Jovian magnetosphere, the effect of the attendant high flux of electrons ( 108cm-kec-l) must be minimized. Further, the anticipated x-ray flux from the satellites is relatively high (-105cm-2sec-1) and to maintain the x-ray counting rate to practical levels detectors with small areas should be employed.
Consequently, detectors of 4mm2 in area and 100pm thick were proposed to detect the x-rays of interest (1-12keV ).
The dimensions (-2.3mm diameter) of the proposed detectors are such that conventional techniques for silicon x-ray detector fabrication are difficult to apply. The device size requirements are more readily met by applying photolithographic techniques which are used in the semiconductor circuits industry or which have been used on occasion in the fabrication of diffused junction radiation detectors.2 Diffused junction silicon detectors have been employed for many years in the detection of high energy particles in room temperature applications. The high temperature processing required to fabricate these devices can introduce deep level traps into the silicon bandgap. While not appreciably affecting room temperature performance for high energies, these deep traps would normally preclude low temperature applications by trapping an appreciable fraction of the signal charge carriers. However, since the proposed detectors are only 100pm thick, we decided that a sufficiently high electric field could be applied to the devices to possibly move the charge carriers across the detector depletion region without the traps causing significant signal degradation.
On the proposed mission, operation of these detectors at the highest temperature possible without performance degradation is highly desirable. Minimizing the detector leakage current is thus a very important goal that we felt could best be obtained by employing a guard-ring structure.3 The desire to detect low-energy x-rays requires that the devices have very thin entrance windows. In the following, we report our measurements on two different diffused junction diode structures--a simple detector and a detector with a guard ring, and two different entrance window fabrication techniques--boron ion implantation and metal silicide formation.4
Device Fabrication
The structure of a simple diffused junction detector is shown in Fig. la The effective entrance window thicknesses measured on these devices with 241Am alphas by the angle of incidence technique5 were found to be 0.3pm and 0.5,m for the boron implanted and metal silicide P+ contacts respectively.
Cryogenic Measurements
The expected photo-efficiency for a silicon detector 100pm thick with an entrance window thickness of 0.3pm is shown in Fig. 4 Fig. 6 , have substantiated this model.
The leakage current variation as a function of temperature is larger than anticipated. The measured thermal activation energy of about 0.2eV associated with this leakage current is considerably less than the known bandgap energy of 1.1eV for silicon. We assume that this current is due to currents generated in the silicon/silicon dioxide interface since the bulk currents cannot be responsible. Bulk currents would almost certainly be dominated by mid-band traps providing a two-step transition of electrons from the valence band to the conduction band. This would result in an activation energy of 0.55eV for silicon.
Consequently, the leakage current temperature performance here must be due to silicon/silicon dioxide surface leakage currents. Further, the electrical activity of the surfaces is also perhaps indicated by the high x-ray background observed, which could be attributed to charge signals being collected off the silicon/silicon dioxide interface. However additional work is required to confirm this. There is only a small difference between the performance of the boron implantation and palladium silicide P+ contacts at cryogenic temperatures. The device performance is being dominated by the surface leakage current and a quantitative analysis of the differences in these two contact formation techniques will have to await an improvement in this current.
Conclusions
These results demonstrate the feasibility of using diffused junction detectors for low energy x-ray analysis over an extended range of cryogenic temperatures. The present guard-ring devices are very close to being suitable for the Galileo mission. Process improvements, however, may yield devices capable of operating at higher temperatures than reported here.
The use of silicon diffused technology opens the possibility of some rather novel geometrical designs for low energy x-ray detection. For example, an array of small elements which would allow low-energy x-ray imaging would be possible with the device technology described in this paper. Further, the incorporation of the FET and detector into one structure for low energy applications appears feasible. 
